MSUD [McKusik 248600/-10/-11 (1) ] is a genotypically and phenotypically heterogenous inborn error of metabolism. In this disease, the degradation of BCAA is impaired due to a deficiency in BCOA-DH (EC 1.2.4.4) activity. Accumulation of BCAA and the corresponding 2-oxo acids can exert neurotoxic effects by as yet unknown mechanisms. The current therapy primarily relies on a life-long reduction of BCAA in the diet (2) .
The clinical severity of the disease ranges from severe classical to mild variant forms. Classification of the patients is based on indirect parameters such as time of onset, L-leucine tolerance, and residual BCOA-DH activity as determined in the patients' skin fibroblasts (2) . In addition, there are reports on so-called thiamine-responsive patients (2, 3) . The existence of this form of MSUD, however, has never been proven convincingly.
In general, the correlation between the clinical severity in patients and the residual activity of the enzyme complex in the patients' cells is unsatisfactory. For a rational classification of the patients and for reliable assessment of therapeutic interventions, e.g. thiamine therapy, determination of the severity of the disease in vivo is necessary.
The method of choice for characterizing patients with MSUD is measurement of their L-leucine oxidation. A few studies have been published using the primed continuous infusion approach and isotopically labeled L-leucine as substrate for investigation of WBLO in classical MSUD. However, contradictory results were obtained. Whereas some patients failed to exhibit a measurable WBLO, more than one half of the subjects had clearly measurable L-leucine oxidation rates ranging from 8 to 40% of control (4 -7). Elsas and colleagues (8) suggested a noninvasive 13 CO 2 breath test with oral application of L- [1- 13 C]leucine for in vivo studies in classical and variant MSUD. The assessment of (residual) WBLO in MSUD by 13 CO 2 breath tests is unsatisfactory because of the expanded and variable body pools of L-leucine and KIC. These cause a C]Leucine was supplied by Promochem (Wesel, Germany). Purity and isotope enrichment as analyzed by automatic amino acid analysis and gas chromatography-mass spectrometry was as specified by the supplier.
Subjects. Patients (classical MSUD, n ϭ 4; variant forms, n ϭ 8) originating from several European countries (Austria, France, Germany, Spain, and Turkey) participated in the study. With the exception of the genetic defect, all subjects had a normal physical examination and none of them received medication or had an additional acute or chronic illness. Characteristic data of the patients are compiled in Table 1 (11, 12) . The initial plasma concentrations of branched-chain compounds before the oral L- [1- 13 C]leucine loads are presented in Table 2 . Five healthy volunteers-one woman and four men, age [mean Ϯ SD (range)], 30 Ϯ 11 y (24 -50 y); weight, 67 Ϯ 9 kg (58 -80 kg); and height, 175 Ϯ 6 cm (169 -181 cm)-served as controls.
This study was approved by the Ethikkommission of the Heinrich-Heine-Universität Düsseldorf, and written informed consent was obtained from all subjects (or their parents) before entering the study.
Loading tests. Oral loading tests with L-[1-
13 C]leucine [99% 1-13 C, 38 mol/kg body weight (wt)] were performed under resting conditions, essentially as previously described (10) . In short, patients and controls received the loading dose dissolved in diluted citric acid (5 mM) between 0900 and 0930 h. Samples of venous EDTA blood and expired air were collected before (basal values) and for a period of 3 h after the load according to the time schedule depicted in Figure 3 (0 -45 min, every 5 min; 45-60 min, every 7.5 min; 60 -180 min, every 15 min).
Unless otherwise noted, the subjects ingested two additional standardized meals at 2200 h and 0700 h before the load. The high-carbohydrate, low-protein meals consisted of cookies [1 g/kg body wt, 23.6 kJ/kg body wt; Walliser Plätzchen [65.5% carbohydrate, 33% fat, 0.1% protein (equivalent to 0.07 mg L-leucine/kg body wt); a gift from Scientific Hospital Supply (Heilbronn, Germany)]; and 100 mL mineral water. According to analyses performed by Dr. Förstel, FZ Jülich, Germany, the cookies contained 46.1% C, the 13 C/ 12 C-ratio was Ϫ22.9 ␦-values.
Analytical procedures. Procedures for the quantitation of BCAA and BCOA in plasma samples have been previously described in detail (13) . 13 CO 2 content in the expired air was determined using isotope ratio mass spectrometry. Total CO 2 output was measured by indirect calorimetry (Datex Deltatrac, Datex Instruments, Helsinki, Finland).
For the estimation of 13 C-enrichment in plasma L-leucine, plasma (0.5 mL) was deproteinized by mixing with an equal volume of 5-sulfosalicylic acid (100 g/L) and centrifugation (10,000 ϫ g, 10 min, 4°C). The supernatant (0.5 mL) was applied onto a Dowex 50 WX 8-column (200 -400 mesh, H ϩ -form, 0.5 mL). After washing with H 2 O (2 mL), the L-amino acids were eluted from the column using NH 4 OH (2 M, 1.2 mL). After evaporation to dryness, the residue was treated with N-methyl-N-(t-butyldimethylsilyl)-trifluoroacet- 
13 C]leucine. For the assessment of 13 C-enrichment in plasma KIC, the quinoxaline derivative was prepared and purified by solid phase extraction as described previously (13) . After evaporation to dryness, the residue was treated with MTBSTFA as described above to form the O-TBDMS [ 13 C]quinoxalinol derivative.
The TBDMS derivatives were then subjected to gas chromatographic-mass spectrometric analysis on an HP 6890 gas chromatograph equipped with an HP-5-MS capillary column (5% phenylmethylpolysiloxane, 30 m, 0.25-mm internal diameter, 0.25-m film thickness) directly coupled to an HP mass selective detector. Helium was used as carrier gas and a 1-L sample was injected in splitless mode. Injector and transfer line to the mass spectrometer were held at 250°C. The column temperature was 100°C initially for 0.5 min and then raised to 260°C at 10°C/min and at 20°C/min for analysis of 13 Cenrichment in L-leucine and KIC, respectively. Electron impact mode was applied. The ion source was operated at 70 eV at 140°C. For assessment of the 13 C-enrichment in L-leucine and the corresponding 2-oxo acid, the ratio (R) of the ion intensities m/z 303 to m/z 302 and m/z 260 to m/z 259, respectively, was measured using selected ion monitoring.
Label enrichment. The MPE in metabolites was calculated from the natural abundance ratio as measured in the samples withdrawn before (R 0 ) and the values after (R) oral administration of the 13 C-labeled L-leucine according to Wolfe (14) as MPE ϭ (R Ϫ R 0 )/{R Ϫ R 0 ) ϩ 1 ϫ 100. Likewise, increase of 13 C-label (APE) in expired CO 2 was calculated as the difference of 13 CO 2 in breath samples withdrawn before (control value) and after the oral loads. Rates of extra 13 CO 2 exhalation were calculated from the APE on the basis of the total CO 2 exhalation rate. Estimation of residual in vivo leucine oxidation. For assessment of WBLO according to the reciprocal pool model (15), a noncompartmental calculation was derived from the steady-state approach as follows (cf. Fig. 1 ): WBLO can be expressed in terms of the appropriate (whole-body) rate constant k for oxidative decarboxylation of KIC and the amount of the 2-oxo acid (KIC), i.e. WBLO ϭ k ϫ KIC. To account for the different labeling kinetics in V 13CO 2 and [1-
13 C]KIC under the present nonsteady-state conditions, these parameters were integrated over (infinite) time. The integrals are given by the areas under the respective kinetic curves [area under the curve (AUC)]. In analogy to the steady-state approach, WBLO was estimated by the formula
No reliable information is available on the pool size of KIC (and hence [1- 13 C]KIC) in humans. Therefore, plasma concentrations were used for calculation. The rationale is as follows: Distribution volumes and metabolic rates of naturally labeled and 1-13 C-labeled KIC are likely to be identical. Thus, we assume that any error that might arise from use of the [1-
13 C]KIC plasma concentration in the denominator instead of the appropriate pool size, would (mathematically) be compensated by an equal error introduced by the use of total plasma KIC concentration in the numerator instead of the KIC pool size.
For the estimation of AUC V 13CO2 , i.e. total 13 CO 2 exhalation over basal, we used a recently established mathematical procedure (19) . In short, the function
where y(t) is the extra 13 CO 2 exhalation rate after load (in mol/min), a i and k i are constants and t is the time after load (in min), was used to provide estimates for a i and k i . For estimation of constants, the model was fitted to the experimental data by nonlinear regression analysis (as provided by the curve-fit procedure of Sigma Plot 2.0 from Jandel Scientific, Erkrath, Germany).
These estimates can then be used for calculation of the total extra 13 CO 2 output Y(tϱ) (in mol) applying the formula
which is derived from Eq. 2 by integration and extrapolation to infinite time.
In analogy, the plasma kinetic of [1- 13 C]KIC, as calculated from the 1-13 C-enrichments and the total plasma concentrations of the 2-oxo acid, was fitted to Eq. 2 and the resulting constant estimates then used to calculate the AUC [1- 13 C]KIC according to Eq. 3. The means of the plasma concentration during the 3-h experimental period (n ϭ 20, SD Ͻ15% of mean) were used as estimates for KIC (cf. Table 3 ).
For comparison, WBLO were normalized to kilogram body weight. Residual WBLO in the patients (in percentage of control) are related to the mean value (control WBLO ϵ 100%) as calculated on the basis of Eq. 1 and the experimental data obtained in the five healthy volunteers. The values used for estimation of residual WBLO in individual patients are compiled in Table 3 . Data on the maximal 13 C-enrichment in plasma L-leucine and KIC were obtained by fitting procedures as detailed previously (10) .
Statistics. Results are presented as means Ϯ SD, with the number of determinations in parentheses or as means as provided by the fit procedures. Cumulatives were obtained by trapezoidal methods. Linear regression (least squares method) was used for correlation analysis. However, the plasma concentrations of L-leucine nevertheless nearly doubled in both patients overnight (cf. Table 2) .
RESULTS

Pretest
We then attempted a dual strategy. Additional carbohydraterich, low-protein meals (24 kJ/kg body wt) were given in the late evening and early morning to reduce the physiologic fasting stress. The psychological stress was reduced by performing the investigation under familiar conditions (i.e. at the patient's pediatrician's office or at the patient's home, as desired, with attending pediatrician and parents present). These provisions successfully prevented the nocturnal increase of BCAA and BCOA (patients L.S., G.S.; cf. Table 2 ) and were well tolerated. Therefore, this treatment was used in subsequent studies on WBLO in variant MSUD.
Effect of the test meal on 13 CO 2 exhalation. Compared with the normal 13 C content in exhaled CO 2 (about Ϫ26 ␦-values), the standardized meal was enriched in 13 C (Ϫ22.9 ␦-values). Therefore, the effect of the meal on the 13 CO 2 exhalation was checked in healthy adults (Fig. 2) . Compared with postabsorptive conditions, there was a slight increase of 13 CO 2 exhalation after ingestion of the meal, which gradually declined to basal levels during the period assigned to the L-[1-
13 C]leucine loading tests.
Studies in healthy subjects. For establishment of control values, L-[1-
13 C]leucine loads were performed postprandially in five healthy subjects (cf. Fig. 3 ). Within the 3-h test period, the cumulative extra Table 2 ). The time course of concentration and 13 Cenrichment of L-leucine and KIC in plasma document effective absorption of the oral L-[1-
13 C]leucine load (Fig. 4) . The data in Figure 5 furthermore point at a rapid equilibration of 13 Clabel in the L-leucine and KIC pools. In none of these patients, however, could we detect an increase in the 13 CO 2 exhalation.
Findings in variant MSUD. A total of nine L-[1-
13 C]leucine loading tests were performed in eight patients with variant MSUD. Near-normal (Ͻ250 M) and clearly increased Lleucine plasma concentrations (Ͼ500 M) were present in four and five tests, respectively ( Table 2) .
The kinetics of L-leucine and KIC in plasma in the presence of near-normal and high concentrations of plasma L-leucine are Figure 2 . Extra 13 CO 2 exhalation in healthy adult volunteers after ingestion of a standardized carbohydrate-rich, low-protein meal (see "Methods" for details). Control samples (basal values) were taken after an overnight fast (Ͼ10 h) just before the meal at 0700 h. From 0900 to1200 h (the period generally assigned to L-[1-
13 C]leucine loading tests as indicated), the meal-induced cumulative extra 13 CO 2 exhalation amounted to 0.27 and 0.26 mol/kg body wt in subjects 1 and 2, respectively.
13 CO 2 exhalation remained essentially unchanged in the same subjects while fasting. Figure 6 . Initial increases of concentrations were similar to normal subjects (Fig. 3) , subsequent decreases were similar to or somewhat more marked than in patients with classical MSUD (Fig. 4) .
The levels and kinetics of decline of the 13 C-enrichment were obviously dependent on the (plasma) pool size. At the lower plasma concentrations, maximal 13 C-enrichments in Lleucine and KIC amounted to 17.3 Ϯ 4.5 (range, 10.6 -20.7) MPE and 14.7 Ϯ 4.2 (9.9 -19.5) MPE (n ϭ 4), respectively. At elevated plasma concentrations, the enrichment was decreased and amounted to 7.4 Ϯ 2.5 (5.3-11.5) MPE and 6.0 Ϯ 1.6 (4.7-8.5) MPE (n ϭ 5), respectively. The kinetics of decline in 13 C-enrichment was similar to controls in patients with the lower L-leucine plasma concentrations but considerably delayed in the presence of high L-leucine pools (Fig. 6) .
Each patient showed a significant increase of 13 CO 2 exhalation after ingestion of L-[1-
13 C]leucine (cf. Fig. 6 ). The rates of 13 CO 2 exhalation were highly variable. Maximal rates ranged from 1.8 to 20.1 nmol/min per kg body wt. Related to the ingested 13 C-dose, the cumulative extra 13 CO 2 exhalation within the 3-h test period in two severe variants (F.U., R.R.) was Ͻ0.5%, and between 2 and 7% in the milder variants.
Estimates of the residual WBLO (cf. Fig. 1 , Table 3 ) are compiled in Figure 7 . When compared with the mean WBLO in healthy subjects, WBLO in the severe variants was about 4% of control. In the milder variants, the WBLO was unexpectedly high and ranged from 19 to 86% of control. Table 1 ). The lines were obtained by fitting procedures (see "Methods" for details). In the inserts, the relation of label enrichment in L-leucine and KIC are shown.
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Of particular interest are the findings in patient D.N., who agreed to be studied twice. This patient had high BCAA and BCOA plasma concentrations at the first occasion but only moderately elevated concentrations in the second test (Table  2) . Although quite different 13 C-labeling kinetics in exhaled CO 2 and plasma KIC were observed in each test (data not shown), estimates of the residual WBLO were practically identical and amounted to 78 and 75% of control, respectively.
DISCUSSION
Pretest dietary stabilization.
In stable isotope turnover studies comparing WBLO in MSUD patients and healthy subjects, the patients would ideally have normal and essentially constant pools of BCAA and BCOA because (a) elevated metabolite pools increase the dilution of label and reduce the sensitivity of the test, and (b) variability of pools within the experimental period might influence the tracer kinetics and interfere with the evaluation (9, 10, 17) .
However, the metabolic block in MSUD makes adjustment of normal plasma concentrations complicated. BCAA and BCOA can increase rapidly within hours due to BCAA intake or endogenous release during catabolic situations. Diminuation of elevated plasma concentrations is slow and may take days or weeks, even under intensified therapy (6, 9, 18 -22) . Stable and normal BCAA and BCOA concentrations may be predetermined with sufficient reliability, when patients are hospitalized and maintained under strict dietary control. The latter, however, would not have been tolerated by the patients and their parents. Therefore, we decided to perform our studies when the patients were well and in an overall stable metabolic condition.
In our first patient with classical MSUD, the plasma concentration of L-leucine plus KIC rose by about 300 M after an overnight fast. This is consistent with the release of L-leucine from protein turnover in postabsorptive subjects [10 -20 mol/h per kg body wt (5, 6, 9)]. Our effort to counteract the nocturnal catabolism in classical MSUD by continuous infusion of D-glucose was unsuccessful, however. This was somewhat unexpected because D-glucose is used in the treatment of (imminent) metabolic derangements (19) . Most likely, anabolic effects of D-glucose had been overcome by the stress imposed on our patients by hospitalization and treatment (23) . Stabilization of plasma BCAA in the MSUD patients was finally achieved by the following provisions that reduced the psychological and catabolic stress: (a) training on test procedures, (b) habitual environment, (c) presence of parents and attending pediatricians, and (d) additional intake of carbohydrate-rich meals.
Methodological concerns. The early-morning test meal induced some increase in 13 CO 2 exhalation, which declined during the time period assigned to the L-[1-
13 C]leucine loading test. Presumably, this led to some underestimation of 13 CO 2 formation from L-[1-
13 C]leucine, because the 13 CO 2 exhalation collected just before load was taken as a basal value. In patients with classical MSUD, it can thus not be excluded that subtle L-[1-
13 C]leucine-dependent changes of 13 CO 2 exhalation might have been obscured. The data in Figure 2 indicate that total L-[1-
13 C]leucine-derived 13 CO 2 exhalation might have been underestimated by up to 0.3 mol/kg body wt in the subjects under study. Therefore, the residual WBLO in the variant patients, as depicted in Figure 7 , might be underestimated by up to about 5% by this effect alone. In a number of patients, however, a meal effect was likely to be balanced by adverse effects of their high L-leucine plasma concentrations, as will be discussed below.
Assessment of WBLO in classical MSUD. In the four patients under study, there was no detectable L-[1-
13 C]leucineinduced increase in 13 CO 2 exhalation. Three of the patients with classical MSUD exhibited near-normal L-leucine plasma concentrations, and their 13 C-label enrichment in KIC was in the normal range. According to previous considerations (10), the sensitivity for detection of a residual WBLO in these patients was about 3-5% of control. Thus, the present findings supplement previous observations and corroborate our presumption that L-leucine oxidation in classical MSUD is too low to be measured in a feasible way by the present procedure (10) .
Perhaps, an increase in 13 CO 2 exhalation may become measurable using a (considerably) increased L-[1-
13 C]leucine bolus. This implies the risk, however, that plasma L-leucine may exceed the potentially (neuro)toxic level of 800 -1000 M [ Table 1 , patients H.H. and S.T. (2)]. We decided not to apply larger L-[1-
13 C]leucine loading doses to firmly exclude any noxious effects.
Significance of WBLO estimates in variant MSUD. So far, only one study has addressed in vivo L-leucine oxidation in variant MSUD. L- [1- 13 C]Leucine bolus tests were performed and WBLO deduced from the 13 CO 2 exhalation within 6 h (8). Interpretation of 13 CO 2 exhalation rates in terms of WBLO and effects of treatment is questionable, however, unless dilution of the 13 C-label is taken into account. For example, in that study, a patient was classified thiamine-responsive because her 13 CO 2 exhalation increased from 0 to 3.6% of the 13 C-dose applied 13 C]leucine oxidation was too low to be detected. Data are related to the rates obtained in healthy subjects (n ϭ 5, control mean ϵ 100%). See text for details. 633 after 1 mo of thiamine treatment. The basal L-leucine plasma concentrations were 1200 and 400 M at the first and second tests, respectively. Thus, the increase in 13 CO 2 release can easily be explained as well by the far lower 13 C-label dilution in the second test.
In our patients, the clinical severity covered the whole range from severe to mild variant forms. Therefore, the present results seem to be rather representative for variant MSUD. In all patients, 13 CO 2 exhalation increased significantly after the
C]leucine load. The basal (initial) L-leucine concentrations, however, were highly variable and not related to the clinical severity of the disease. This is clearly documented in the two tests of the mild variant D.N., who had quite different BCAA plasma concentrations on each occasion (Table 2) .
Due to a considerable interindividual variability, it is impossible, however, to predict dilution of the 13 C-label with sufficient accuracy on the basis of initial L-leucine and KIC plasma concentrations. We here suggest a relatively rapid and convenient noncompartmental procedure to estimate the residual WBLO in variant MSUD patients, which takes into account the dilution of 13 C-label. Theoretically, compartmental analysis, as incidentally used for evaluation of in vivo L-leucine oxidation in healthy subjects (13, 24) , could also be applied for evaluation. With the present state of knowledge, no reliable assessment of the possible systematic errors inherent in the oral L- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C]leucine loading test can be made in MSUD, which might be comparable to the insights into leucine/KIC metabolism of healthy subjects provided by compartmental modeling approaches.
In variant MSUD, our estimates for residual WBLO ranged from 4 to 86% of control. However, as the L-leucine/KIC concentrations in patients were highly variable, the question arises whether and to what extent residual WBLO in patients with different L-leucine/KIC pools (concentrations) might actually reflect the residual total substrate flux through the BCOA-DH in vivo. Four patients had near-normal L-leucine plasma concentrations (Ͻ250 M) and also near-normal relations of the branched-chain compounds in plasma. In these patients, the relation of residual WBLO to residual total metabolic flux through the BCOA-DH in situ can be expected to be largely comparable to the conditions in controls.
Five variant patients had clearly increased L-leucine plasma concentrations (Ͼ500 M) and the relation of branched-chain substrates was changed. The mean relation of the BCAA/ BCOA substrate pairs L-leucine/KIC, L-valine/3-methyl-2-oxobutanoate, and L-isoleucine/3-methyl-2-oxopentanoate in the two severe variants (F.U., R.R.) amounted to 10:3:4 and in three milder variants (D.N., L.F., S.T.) to 10:7:4 compared with a relation of 10:17:5 in healthy subjects. Thus, the contribution of the L-leucine/KIC pair to total branched-chain substrate supply in plasma was about 60 and 45%, in the severe variants and milder variants, respectively, compared with 30% in controls.
In healthy subjects, L-leucine/KIC oxidation accounts for about 50% of the in vivo metabolic flux through the BCOA-DH (13) . In accordance, model experiments with 1-14 C-labeled substrates and cultured skin fibroblasts from controls and variant MSUD patients in our laboratory showed that Lleucine/KIC oxidation accounted for 50% of the total metabolic flux with normal relations of branched-chain compounds in the incubation medium (both at normal and increased total substrate concentrations). When the portion of L-leucine/KIC in the medium was increased to 60% of the total substrate, the relation of L-leucine/KIC oxidation to total branched-chain substrate oxidation was enhanced to about 70% (25, 26) . There are indications that similar substrate interaction effects occur in vivo (27) .
The latter findings indicate that L-leucine/KIC oxidation in the two severe and the three milder variants exhibiting high plasma concentrations may have accounted for a higher contribution (60 -70%) to whole-body substrate flux through the BCOA-DH than in controls. Thus, WBLO in these patients would not be strictly comparable to the WBLO in controls. Estimates based on the interpolation of the in vitro data suggest that an overestimation of the residual WBLO due to elevated L-leucine/KIC concentrations should be Ͻ2% in the severe variants and Ͻ10% in the milder variants.
Taken together, the foregoing considerations indicate that neither meal-induced changes in 13 CO 2 exhalation nor the variability in plasma BCAA/BCOA relations interfered grossly with the present estimation of residual WBLO and further suggest the residual WBLO to be rather representative for whole-body metabolic flux through the BCOA-DH in our variant MSUD patients.
With the exception of the severe variants, the estimated residual WBLO in the patients was astonishingly high, about 2-to 5-fold higher than the (available) residual BCOA-DH activity in the patients' skin fibroblasts. This apparent discrepancy might be explained by the fact that the BCOA-DH is fully activated (dephosphorylated) in incubated cells (11) . Thus, measurements in vitro actually yield a measure of (residual) total enzyme capacity, whereas the WBLO is determined by the (residual) amount of active complex in vivo.
In most human tissues, the BCOA-DH is primarily in the inactive, phosphorylated state. On the basis of reported data (28 -32) , it can be estimated that approximately 5% of wholebody BCOA-DH may be active under normal conditions, and this amount is responsible for the WBLO in our healthy subjects (10) . The comparatively high residual WBLO in the variant patients could, in principle, be due to the following different mechanisms: (a) differentially increased expression of BCOA-DH in tissues other than skin fibroblasts, (b) altered kinetic properties (i.e. increase of the Michaelis constant), or (c) an increase in the mean (whole-body) activity state of the mutant enzyme complex. Whether and to what extent these mechanisms may contribute to WBLO in an individual patient remains to be determined.
Reproducibility. In patient D.N., undergoing two tests under quite different metabolic situations, residual WBLO estimates could be determined reproducibly. With respect to the significant intraindividual variability of L-leucine oxidation observed in two healthy adults [coefficients of variation of WBLO estimates: 36% (5 tests) and 49% (4 tests); recalculated from previous experiments (10)], however, there was a striking agreement of the residual WBLO estimates in both tests. The latter suggests that variability of WBLO in MSUD patients 634 may be generally lower than in controls and this may be explained by the fact that the impairment in BCOA degradation in MSUD reduces considerably the overall flexibility and adaptability of BCAA metabolism, even in mild variants.
CONCLUSION
The present study indicates that residual L-leucine oxidation in vivo can be assessed in variant MSUD by invasive L-[1-13 C]leucine bolus tests. Comparatively high residual WBLO were observed in variant MSUD. It remains to be elucidated whether this might be achieved, e.g. by an increased activity state of the BCOA-DH in situ. The latter could provide a reasonable explanation for the generally rather unsatisfying correlation between the clinical severity and the residual BCOA-DH capacity as assessed in the patients' cells in vitro.
